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We study theoretically the behavior of thermal massless Dirac fermions inside graphene-based Ferromagnetic |
Insulator | d-wave/s-wave superconductor (F|I|d and F|I|S ) junctions in the ballistic regime. Using the Dirac-
BdG wave functions within the three regions and appropriate boundary conditions, the Andreev and Normal
reflection coefficients are derived. By employing the obtained Andreev and Normal reflection coefficients
the characteristics of heat current through the F|I|d and F|I|S junctions are investigated within the thin
barrier approximation. We find that for s-wave superconductors, thermal conductance oscillates sinusoidally
vs barrier strength. The finding persist for the values of α, the orientation of d-wave superconductor crystal
in the k-space, below pi/4. By increasing temperature, the thermal conductance is increased exponentially
for small values of α and for larger values the quantity is modified to exhibit a linear behavior at α = pi/4
which is similar to Wiedemann-Franz law for metals in low temperatures.
I. INTRODUCTION
Graphene is a single layer of carbon atoms which was
introduced to the scientific community by Novoselov et
al. in 20041,2. Most of applicable and interesting char-
acteristics of graphene has been investigated intensely
experimentally1–6. Because of interesting phenomena
which graphene showed, the artificial material has been
received robust attentions from theoretical and experi-
mental physics communities7–10. Induction of supercon-
ductive correlations into graphene layer by proximity of
superconducting electrodes observed experimentally by
Heersche et al.11. Also inducing the ferromagnetism into
graphene layers by means of proximity effects observed
experimentally by Tombros et al.12. In this regard,
theoretical scientists utilized Dirac-Bogoliubov-de Genne
(Dirac-BdG) for investigating and predicting interesting
phenomena because of the proximity effects7,9,13–16.
Interplay between ferromagnetic graphene sheets
and conventional superconductor is generalized
theoretically15. Also Linder et al.17 generalized the
theoretical investigations from conventional to uncon-
ventional superconductors in similarity with metallic
cases which has been studied intensely18–20 . Most of
the previous works are devoted to study electronic trans-
port properties of the graphene-based junctions such
as; Josephson currents8,21, electronic conductance9,24,
spintronic conductance22,23, shot noise10,26 and etc.,
but poor attentions has been focused on the heat
transport properties and electronic thermal conductance
of the junctions. The BTK formalism is generalized
by Bardas and Averin27 for obtaining electronic ther-
mal conductance in the clean limit. Also, Devyatov
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et al.28,29 studied electronic thermal conductance of
Normal metal|I|d junctions in the ballistic regime.
For high-sensitive devices including graphene-based
junctions, knowing all electronic and thermal proper-
ties of the junctions are crucial and important points
from application point of view. Few previous works
devoted for investigating of electronic thermal transport
characteristics of the graphene-based junctions30,31.
In this paper we especially investigate signatures of
dx2−y2 -wave symmetry on the electronic heat transport
characteristics of the F|I|d junctions. We start with the
Dirac-BdG Hamiltonian and use obtained wave func-
tions within the three regions and appropriate bound-
ary conditions at interfaces for deriving the Andreev
and Normal reflection coefficients in the thin barrier
approximation24,25. Using the mentioned coefficients we
present numerical investigations of electronic thermal
conductance of the Ferromagnetic|Insulator|d/s-wave su-
perconductor junctions in the ballistic limit. We find that
for F|I|d junctions the electronic thermal conductance, Γ
shows oscillatory behavior vs barrier strength. Increas-
ing the orientation angle of the superconducting gap α
up to values close to pi/4 only enhances whole values of
the Γ and for maximum value of the superconducting
gap orientation angle namely α = pi/4 magnitude of the
oscillations diminish highly. Another finding is that the
electronic thermal conductance shows an exponential in-
crease vs temperature for small values of α. By increasing
the angle of superconducting gap orientation up to pi/4
the mentioned exponential form modify to linear form
and at α = pi/4 the thermal conductance shows precisely
linear increase with respect to temperature, namely Γ ∝ T
that the finding induces in mind the Wiedemann-Franz
law32 from metals in the low temperatures. The paper is
organized as follows:
In Sec. II we explain the analytical derivations of An-
dreev and Normal reflection coefficients by starting from
the Dirac-BdG Hamiltonian and in Sec. III the electronic
thermal conductance of F|I|S is investigated by plotting
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2the quantity with respect to strengthes of exchange field
and barrier in the thin barrier approximation regime. In
Sec. IV we study the effects of dx2−y2 -wave symmetry
on the electronic thermal conductance of the junctions
within the thin barrier approximation. The paper go to
end with conclusions in Sec. V.
II. THEORY
We study interplay between graphene-based ferromag-
netic and superconductor junctions in the ballistic limit,
therefore we employ the Dirac-BdG Hamiltonian for ob-
taining suitable wave functions. The general Dirac-BdG
equation incorporating ferromagnetism and supercon-
ductivity reads as15:(
H0 − σh ∆(T )
∆∗(T ) −(H0 − σ¯h)
)(
uσ
vσ¯
)
= σ
(
uσ
vσ¯
)
,
H0(r) = −i~vF (σx∂x + σy∂y) + U(r)− EF (1)
where σx and σy are 2 × 2 Pauli matrices and ∆(T )
stands for temperature-dependent order parameter of su-
perconducting region, also h represents the strength of
exchange field in the ferromagnetic region. σ stands
for excitation energies of holelike and electronlike quasi-
particles. For obtaining Dirac-BdG wave functions in
the Normal, ferromagnetic and superconducting region,
one should set {h = 0,∆(T ) = 0}, {h 6= 0,∆(T ) = 0}
and {h = 0,∆ 6= 0} inside Eq. (1), respectively. Here
σ = ±1 stands for spin-up and -down quasiparticles and
σ¯ = −σ. Also U(r) shows the Fermi energy mismatch.
Throughout the paper we consider a step function for
spatial-dependency of the superconducting gap, namely
∆(x, T ) = ∆(T )Θ(x) in which Θ(x) is the well known
step function. By solving the Eq. (1) in the Ferromag-
netic region we obtain Dirac-BdG wave functions for elec-
tronlike and holelike quasiparticles as follows:
 ψ
±
e,σ(x) =
1√
cos θσ
(
1,±e±iθσ , 0, 0)T e(±ike,σx)
ψ±h,σ¯(x) =
1√
cos θσ¯
(
0, 0, 1,∓e±iθ′σ¯
)T
e(±ikh,σ¯x),
(2)
where θσ(θ
′
σ¯) are propagation angles of electronlike
(holelike) quasiparticles with respect to the normal tra-
jectory into the interface at x = 0. We define the two
incident angles as θσ = arcsin
(
~vF q
+EF+σh
)
θ′σ¯ = arcsin
(
~vF q
−EF+σh
)
,
(3)
and x-components of the wave vectors for electronlike
and holelike quasiparticles in the Ferromagnetic region
are obtain as {
ke,σ =
+EF+σh
~vF cos θσ
kh,σ¯ =
−EF+σh
~vF cos θ
′
σ¯,
(4)
FIG. 1. (Color online) Model for suggested set up
of Ferromagnetic|Barrier|d-wave superconductor graphene-
based junctions. The junction is located at x = 0. Axes
of d-wave superconductor crystal are represented with a and
b. The superconductor crystal orientation angle with respect
to normal trajectory (x-axis) is shown by α.
in which EF and q are Fermi energy and y-component
of wave vector in the Ferromagnetic region, respectively.
For normal region with a barrier potential V0, it is suf-
ficient to set h = 0 and EF → (EF − V0) in the above
obtained equations inside the Ferromagnetic region. The
barrier potential V0 can be applied by a gate voltage
into the region. Within the d-wave superconductor re-
gion (x > 0), Dirac-BdG wave functions for electronlike
and holelike quasiparticles are obtained:
ψ+S,e =
(
eiβ+ , eiβ++iγ+ , e−iφ+ , eiγ+−iφ+
)T
e−i(k0−iχ+)x
ψ−S,h =
(
e−iβ− ,−e−iβ−−γ− , eiφ− ,−e−iγ−−iφ−)T
e−i(k0−iχ−)x
(5)
where we define χ± = (U0 + EF ) sinβ±/k0(~vF )2 in
which k0 is defined as k0 = ((
U0+EF
~vF )
2 − q2)1/2. In Eq.
(5) eiβ± is defined as u±/v± and
 u± =
√
1
2 (1 +
√
2−|∆(γ±)|2
 )
v± =
√
1
2 (1−
√
2−|∆(γ±)|2
 )
(6)
β± =
(
cos−1( ∆(γ±) ),  < ∆(γ±)
−i cosh−1( ∆(γ±) ),  > ∆(γ±)
)
, (7)
eiφ± =
∆(γ±)
|∆(γ±)| (8)
{
γ+ = arcsin
~vF q
U0+EF
γ− = pi − arcsin ~vF qU0+EF
(9)
In the case of d-wave symmetry, the orientational de-
pendency of superconducting gap reads as ∆(γ±) =
∆(T ) cos(2γ±−2α) in which α represents the orientation
angle of d-wave superconducting gap. We now proceed
and using the above Dirac-BdG wave functions and ap-
propriate boundary conditions derive the Andreev and
3Normal reflection coefficients. By applying appropriate
boundary conditions for the two interfaces which are lo-
cated at x = 0 and L, we obtain all reflection and trans-
mission coefficients. At last we assume that a large gate
voltage V0  1 is applied into the narrow (L  1) nor-
mal region. In this case Ω = V0L/~vF is a constant which
is called strength of barrier. The approximation is called
thin barrier approximation regime in which the Normal
region acts as an insulator. The Andreev and Normal
reflection coefficients in the thin approximation regime
are derived which are available in Appendix A for F|I|s-
wave superconductor junctions. We assume a right-going
electronlike quasiparticle within the ferromagnetic region
incident into interface between the ferromagnetic and In-
sulator regions, so the appropriate boundary condition in
the interfaces at x = 0 is:
ψ+e,σ(x) + rA,σ¯ψ
−
h,σ¯(x) + rN,σψ
−
e,σ(x) =
t+I,eψ
+
I,e(x) + t
−
I,eψ
−
e (x) + t
+
I,hψ
+
e (x) + t
−
I,hψ
−
e (x),(10)
and other boundary condition in interface between the
insulator and superconductor regions at x = L is:
t+I,eψ
+
I,e(x) + t
−
I,eψ
−
e (x) + t
+
I,hψ
+
e (x) + t
−
I,hψ
−
e (x) =
t+S,eψ
+
S,e(x) + t
−
S,hψ
−
S,h(x) (11)
where rA,σ¯ and rN,σ are amplitudes of spin-dependent
Andreev and Normal reflection coefficients within the fer-
romagnetic region, respectively. Other coefficients are
transmission coefficients in the Normal and supercon-
ducting regions. By applying the thin barrier approxi-
mation on the obtained reflection and transmission fac-
tors they reduce to simple factors that are available in
the Appendix A. For investigating the electronic thermal
conductance of the junction one needs to calculate the
probabilities of Andreev and Normal reflections namely
|rA,σ¯|2 and |rN,σ|2. By assuming a temperature gradient
through the junction, the normalized thermal conduc-
tance Γ = Γ
′
/Γ0 is given as follow
14,27:
Γ
′
/Γ0 =
∑
σ=↑↓
∫ ∞
0
∫ pi/2
−pi/2
ddθσ cos(θσ){1− | rN,σ(, θσ) |2
− | rA,σ(, θσ) |2} 
2
T 2 cosh2( 2T )
, (12)
where Γ0
−1 = 2pi2~2vF kB∆0/EF is a constant. We pro-
ceed to investigate the characteristics of electronic heat
transport Γ of the mentioned junctions and throughout
the paper we normalize energies with respect to ∆0 and
we set ∆0 = ~ = kB = 1 throughout our computations.
III. ELECTRONIC THERMAL CONDUCTANCE OF THE
F|I|S JUNCTIONS IN THE THIN BARRIER
APPROXIMATION
In this section we study electronic thermal transport
characteristics of the Ferromagnetic|Insulator|s-wave su-
perconductor junctions in the ballistic and thin barrier
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FIG. 2. (Color online) The normalized thermal conductance
of F|I|S graphene-based junctions vs. normalized strength of
barrier region Ω/pi for three values of h = 2∆0, 7∆0, 12∆0.
The temperature has been fixed at T = 0.2Tc.
approximation regime. In Fig. 2 we set T = 0.2Tc,
and plot normalized thermal conductance Γ vs normal-
ized strength of barrier Ω/pi for three different values of
magnetization texture strength h/∆0 , also in Fig. 3
Ω = 0 is set and the normalized conductance is plot-
ted for three values of temperatures vs magnetization
texture strength h/∆0. Throughout our calculations we
have set EF = 10∆0 and also used a large mismatch po-
tential U0. The normalized thermal conductance shows
an oscillatory behavior vs Ω/pi which this finding can be
understood by noting the fact that how the amplitude of
Andreev and Normal reflections depend on Ω, (See Ap-
pendix A). In the thin barrier approximation, the width
of normal layer L and barrier potential V0 set for small
and large values, respectively. Andreev and Normal co-
efficients are involved cos 2Ω and sin 2Ω terms which are
periodic functions of Ω and consequently the appeared
periodic oscillations in the thermal conductance are orig-
inated from the two appeared periodic functions in the
Andreev and Normal coefficients. As it can be seen in
Fig. 1, since the configuration contains one semi-infinite
superconductor the Andreev bound states don’t contri-
bution to the transport characteristics of the junction
under consideration7,8,24,25. For small values of magnetic
strength, the amplitude of oscillations has been enhanced
in comparison with larger values of h/∆0.
By increasing the magnetic strength, incident angle de-
fined in Eq. (3) reduce and hence diminish the amplitude
of oscillations which means suppression of available prop-
agating channels in the system. The normalized thermal
conductance of the F|I|S junction is plotted vs. h/∆0,
the magnetization strength of Ferromagnetic region, in
Fig. 3 for three values of T = 0.2Tc, 0.5Tc, 0.7Tc and also
Ω = 0 is set for the three plots. The thermal conductance
shows a minimum at h ' EF and by increasing tempera-
ture move the minimum towards smaller values of h. The
magnetization texture splits Fermi level into two parts in
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FIG. 3. (Color online) The normalized heat conductance
of F|I|S graphene-based junctions vs magnetic exchange field
strength h/∆0 of Ferromagnetic region for three values of tem-
peratures, T = 0.2Tc, 0.5Tc, 0.7Tc and fixed barrier strength
at Ω = 0.
the k-space and by increasing h, the two parts separate
upward and downward more and more. Increasing the
exchange splitting suppress propagating Dirac Fermions
modes in the configuration under consideration up to val-
ues near h ' EF , for larger values of h the propagating
channels enhance , see Ref.s 14 and 15. In the light of
above discussion, the thermal conductance reach to its
minimum value at h ' EF that depends on the tempera-
ture. The fact also can be inferred from Fig. 2 which the
curve of h = 12∆0 has an intermediate value between the
curves of h = 2∆0 and h = 7∆0. We proceed to investi-
gate effects of d-wave symmetry on the heat conductance
of F|I|d junctions in the clean limit.
IV. ELECTRONIC THERMAL CONDUCTANCE OF THE
F|I|D JUNCTIONS IN THE THIN BARRIER
APPROXIMATION
Now we present main results of this paper namely
the fingerprints of dx2−y2 -wave superconducting region
on the electronic heat transport characteristics of F|I|d
junctions in the thin barrier regime whose interfaces are
located at x = 0, L. As it is seen in Fig. 1, unlike
s-wave superconductors, the role of crystal orientation
of dx2−y2-wave superconductors with respect to inter-
face is very important. We assume a two-dimensional
d-wave superconductor with cylindrical Fermi surface
in the k-space is deposited on top of graphene sheet
and connected to a sandwiched insulator region be-
tween Ferromagnetic and superconducting regions. The
pair potential for s-wave superconductor is isotropic
i.e. ∆(T )=∆0 tanh
√
1.76
√
Tc/T − 1. On the other
hand, the pair potential for dx2−y2 -wave symmetry is
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FIG. 4. (Color online) The normalized thermal conduc-
tance Γ of F|I|d graphene-based junctions vs temperature
for five values of d-wave superconducting gap orientation
α = 0, pi/16, pi/8, 3pi/16, pi/4. The strength of magnetic ex-
change field and barrier fixed at h = 2∆0, Ω = 0, respectively.
θ-dependent, namely angle between the a-axis of the
superconductor crystal and wavevector of the conduct-
ing quasiparticles. In this case, superconducting gap is
anisotropic i.e. ∆±(T, γ)=∆d(T ) cos(2γ ± 2α) in which
α is angle of a-axis with respect to normal trajectory
to the interface (See Fig. 1) and γ is propagation an-
gle of quasiparticles. The temperature dependency of
d-wave superconductors is different from s-wave case33.
As it mentioned above, for the thin barrier approxima-
tion is assumed that L  1 and V0  1, so one can
consider Ω as a constant and terms involving Ω reduce
to simpler ones. Here we have set EF = 10∆0 and use
large mismatch potential U0. Fig. 4 indicates electronic
heat conductance of the F|I|d junctions vs temperature
for five different values of crystal orientation of dx2−y2 -
wave superconductor α, the exchange field and strength
of thin barrier are set at h = 2∆0 and Ω = 0, respec-
tively. Electronic thermal conductance for α = 0, pi/16
shows an exponential increase vs temperature and for
larger values of α, the exponential form is modified to
linear increase. The heat conductance shows completely
linear increase vs temperature at maximum value of su-
perconductor crystal orientation angle α = pi/4 that in-
duces in mind the Wiedemann-Franz law for metals in
low temperatures which thermal conductance is propor-
tional to temperature, Γ ∝ T . The finding is arisen
from orientational-dependent superconducting gap that
increasing α decreases the propagating channels of super-
conducting correlations described by Andreev reflection
coefficients. Although the Dirac and Schrodinger equa-
tions are used in graphene-based and metallic junctions
respectively but the behaviors of thermal conductance
in the graphene-based junctions are qualitatively similar
to results of metallic N|I|d-wave junctions in which the
propagating channels of moving quasi-particles is closed
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FIG. 5. (Color online) The normalized thermal conductance
Γ of F|I|d graphene-based junctions vs normalized strength of
barrier region Ω for seven values of superconducting gap ori-
entation α = 0, pi/16, pi/8, 3pi/16, 3.3pi/16, 3.7pi/16, pi/4. The
strength of exchange field and temperature are fixed at h =
2∆0, T = 0.2Tc, respectively.
by increasing crystal orientation angle from 0 to pi/4
in Ref.s 28 and 29. In this context d-wave symmetry
shows the same effects on thermal conductance of both
graphene-based and metallic junctions. The behaviors
of heat conductance vs strength of barrier are shown in
Fig. 5 for several values of α. Temperature and exchange
field have set in h = 2∆0 and T = 0.2Tc. The thermal
conductance vs strength of barrier region shows an os-
cillatory behavior and the increase of α enhance whole
values of heat conductance. The period of oscillations vs
strength of barrier suppresses completely for maximum
crystal orientation angle α = pi/4. In Fig. 6 the thermal
conductance is plotted vs the strength of magnetization
exchange field h/∆0 for several values of α and T = 0.2Tc.
In general, Γ for F|I|d junctions vs h/∆0 behaves similar
to F|I|S configuration . The behavior can be verified by
noting the mentioned reasons in the Sec. III for F|I|S
case. Increasing the crystal orientation angle of d-wave
superconductor up to α = pi/4 can only enhance whole
values of the thermal conductance vs h/∆0.
V. SUMMARY
In summary we have considered
Ferromagnetic|Barrier|s/d-wave superconductors
graphene-Based junctions in the thin barrier approxima-
tion and ballistic limit. We have utilized the Dirac-BdG
equation and by employing Dirac-BdG wavefunctions
derived the Andreev and Normal reflection amplitudes.
Electronic thermal conductance Γ, of the two mentioned
junctions in the thin barrier approximation has been
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FIG. 6. (Color online) The normalized thermal conductance
of F|I|d graphene-based junctions vs strength of magnetic ex-
change field h/∆0 for five values of superconducting gap ori-
entation α = 0, pi/16, pi/8, 3pi/16, pi/4. The temperature and
strength of barrier are fixed at T = 0.2Tc, Ω = 0, respectively.
investigated as well. We found that for F|I|S junctions,
the heat conductance vs magnetization strength h/∆0
shows a minimum at values near h ' EF that by
increasing temperature the minimum move towards
smaller values of h/∆0. The finding is qualitatively
similar to F|I|d junctions but increasing superconductive
gap orientation α shifts whole values of Γ towards larger
values and no change induces to the trend of Γ vs h/∆0.
The electronic thermal conductance vs barrier strength
oscillates and shows identical behavior for F|I|S and F|I|d
configurations for all values of superconductor crystal
orientation α except values near α ' pi/4. By approach-
ing to α = pi/4, the propagating channels diminish and
hence the amplitude of oscillations suppress. We found
a Wiedemann-Franz law-like in the low temperature
regime for thermal conductance of F|I|S junctions,
namely Γ ∝ T . The electronic heat conductance shows
an exponential growth vs temperature for small values
of gap orientation angle α < pi/8 and for larger values
especially at α = pi/4 approaches to completely linear
growth, namely Γ ∝ T .
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6Appendix A: Andreev and Normal reflection coefficients in
the thin barrier approximation regime for F|I|S junctions
Using the boundary condition Eq.s (10, 11) and ap-
plying the thin barrier approximation, the Andreev and
Normal reflection coefficients for the F|I|S junctions are
obtained as follows;
rA =
√
cos θσ
√
cos θ′¯σ cos γe(
i(θσ+θσ¯)
2 )
Υ1 + iΥ2
rN =
eiθσ (Σ1 + iΣ2)
Υ1 + iΥ2
Σ1 = cos 2Ω cos (
θσ + θ
′
σ¯
2
) sinβ sin γ − sin (θσ − θ
′
σ¯
2
) sinβ
Σ2 = sin(
θσ − θ′σ¯
2
) cosβ cos γ + sin 2Ω cos(
θσ − θ′σ¯
2
) sinβ sin γ
Υ1 = cos (
θσ − θ′σ¯
2
) cosβ cos γ + sin 2Ω sin (
θσ + θ
′
σ¯
2
) sinβ sin γ
Υ2 = cos (
θσ − θ′σ¯
2
) sinβ + cos 2Ω sin (
θσ − θ′σ¯
2
) sinβ sin γ.
The obtained coefficients recover the results of Ref.s 9,
15 and 24 for N|S, F|S and N|I|S graphene-based con-
figurations, respectively. This can be justified by letting
h → 0 and Ω → 0 in the above coefficients for F|I|S
graphene-based junctions.
1K. S. Novoselov, A. k. Geim, S. V. Morozov, D. Jiang, Y. Zhang,
S. V. Dubonos, I. V. Grigorieva, and A. A. Firsov, Science 306,
666 (2004).
2K. S. Novoselov, A. K. Geim, S. V. Morozov, D. Jiang, M. I.
Katsnelson, I. V. Grigorieva, S. V. Dubonos, and A. A. Firsov,
Nature (London) 438, 197 (2005).
3R. S. Deacon, K. C. Chuang, R. J. Nicholas, K. S. Novoselov,
and A. K. Geim, Phys. Rev. B 76, 081406 (2007).
4A. Dmitry Abanin, Kostya S. Novoselov, Uli Zeitler, Patrick A.
Lee, A. K. Geim, and L. S. Levitov, Phys. Rev. Lett. 98, 196806
(2007).
5A. C. Ferrari, J. C. Meyer, V. Scardaci, C. Casiraghi, M. Lazzeri,
F. Mauri, S. Piscanec, D. Jiang, K. S. Novoselov, S. Roth, and
A. K. Geim, Phys. Rev. Lett. 97, 187401 (2006).
6A. H. Castro Neto, F. Guinea, N. M. R. Peres, K. S. Novoselov,
and A. K. Geim, Rev. Mod. Phys. 81, 109 (2009).
7C. W. J. Beenakker, Rev. Mod. Phys. 80, 1337 (2008).
8M. Titov and C. W. J. Beenakker, Phys. Rev. B 74, 041401
(2006).
9C. W. J. Beenakker, Phys. Rev. Lett. 97, 067007 (2006).
10J. Tworzydlo, B. Trauzettel, M. Titov, A. Rycerz, and C. W. J.
Beenakker, Phys. Rev. Lett. 96, 246802 (2006).
11H. B. Heersche, P. Jarillo-Herrero, J. B. Oostinga, L. M. K. Van-
dersypen and A. F. Morpurgo, Nature, 446, 56 (2007).
12N. Tombros, C. Jozsa, M. Popinciuc, H. T. Jonkman and B. J.
van Wees, Nature (London), 448, 571 (2007).
13G. E. Blonder, M. Tinkham, and T. M. Klapwijk, Phys. Rev. B,
25, 4515 (1982).
14J. Linder, M. Zareyan and A. Sudbø, Phys. Rev. B 80, 014513
(2009).
15M. Zareyan, H. Mohammadpour and A. G. Moghaddam, Phys.
Rev. B 78, 193406 (2008).
16J. Cayssol, Phys. Rev. Lett. 100, 147001 (2008).
17J. Linder and A. Sudbø, Phys. Rev. Lett. 99, 147001 (2007).
18S. Kashiwaya and Y. Tanaka, Rep. Prog. Phys. 63, 1641 (2000).
19S. Kashiwaya, Y. Tanaka, M. Koyanagi and K. Kajimura, Phys.
Rev. B 53, 2667 (1996).
20C. R. Hu, Phys. Rev. Lett. 72, 1526 (1994).
21Y. Asano, T. Yoshida, Y. Tanaka and A. A. Golubov, Phys. Rev.
B 78, 014514 (2008).
22M. Salehi and G. Rashedi, Physica C 470, 703 (2010).
23Y. F. Hsu and G. Y. Guo, Phys. Rev. B 81, 045412 (2010).
24S. Bhattacharjee and K. Sengupta, Phys. Rev. Lett. 97, 217001
(2006).
25S. Bhattacharjee, M. Maiti and K. Sengupta, Phys. Rev. B 76,
184514 (2007).
26E. B. Sonin, Phys. Rev. B 77, 233408 (2008).
27A. Bardas and D. Averin Phys. Rev. B 52, 12873 (1995).
28I. ADevyatov and M.Yu.Kupriyanw, A.A.Golubv, L. Kuzmin and
M. Willander, IEEE Transactions on Applied Superconductivity
9, 2 (1999).
29I. A. Devyatov, M. Y. Kuprianov, L. S. Kuzmin, A. A. Golubov,
and M. Willander, J. Exp. Theor. Phys. 90, 1050 (2000).
30T. Yokoyama, J. Linder, and A. Sudbø, Phys. Rev. B 77, 132503
(2008).
31M. Salehi, M. Alidoust, Y. Rahnavard, and G. Rashedi, J. Appl.
Phys. 107, 123916 (2010).
32G. Wiedemann and R. Franz, Ann. Phys. 89, 497 (1853).
33M.H.S. Amina, A.N. Omelyanchoukb, S.N. Rashkeevc, M.
Courya, A.M. Zagoskina Physica B 318, 162 (2002).
